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PROBLEM TO BE SOLVED: To provide a thin film formation 
method which enables a thin film of good film quality to be 
formed at a high speed film formation rate by plasma CVD 
method. 

SOLUTION: This thin film formation method has a process for 
decomposing at least a part of molecule incorporated in raw gas 
by making catalyst 9 function on raw gas. a process for 
generating active seeds of elements constituting molecule by 
performing plasma treatment for raw gas whereon the catalyst 9 
is made to function, and a process for forming a thin film which 
is practically formed of at least one kind of elements which 
constitute molecule on a substrate 7. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Make a catalyst act on material gas and plasma treatment of the process which disassembles 
some molecules [ at least ] contained in said material gas, and the material gas on which said catalyst 
was made to act is carried out. The thin film formation approach characterized by supplying the process 
which generates the active species of the element which constitutes said molecule, and said active 
species on the surface of a substrate, and providing the process which forms the thin film which 
becomes substantial on said substrate from at least one sort of the element which constitutes said 
molecule. 

[Claim 2] Said catalyst is the thin film formation approach according to claim 1 characterized by being 
the heated active metal. 

[Claim 3] Said active metal is the thin film formation approach according to claim 2 characterized by 
being chosen out of the group which consists of a tungsten, nickel, and an alloy containing at least those 
one side. 

[Claim 4] The thin film formation approach given in any 1 term of claims 1-3 characterized by 
providing further the process which supplies the chemical containing either [ at least ] a fluorine or 
chlorine to the front face of said catalyst with the gestalt of gas, and defecates the front face of said 
catalyst after the process which forms said thin film. 

[Claim 5] Between the process which the process which forms said thin film is performed in the reaction 
chamber in which said substrate is held, and forms said thin film, and the process which defecates the 
front face of said catalyst Plasma treatment of the chemical containing either [ at least ] the fluorine used 
for defecation of the front face of said catalyst or chlorine is carried out after the process which takes out 
said substrate outside a reaction chamber, and the process which defecates the front face of said catalyst. 
One [ at least ] active species of the process which generates one [ at least ] active species of a fluorine 
and chlorine, said fluorine, and chlorine is supplied to the wall of said reaction chamber. The thin film 
formation approach according to claim 4 characterized by providing the process which etches the 
deposit layer formed in said wall front face in the process which forms said thin film. 
[Claim 6] Said material gas is the thin film formation approach given in any 1 term of claims 1-5 which 
contain a silicon compound and oxygen and are characterized by said thin film becoming substantial 
from a silicon oxide. 



[Translation done ] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin film formation approach which starts the thin 
film formation approach which forms a thin film on a substrate using a plasma-CVD method, especially 
is used for manufacture of an electron device. 
[0002] 

[Description of the Prior Art] A plasma-CVD method is the thin film formation approach which forms a 
thin film on a substrate using the active species generated by performing plasma treatment to material 
gas, and is widely used in manufacture of an electron device. 

[0003] An example of the plasma-CVD equipment used for drawing 5 in the conventional thin film 
formation approach is shown roughly. In drawing 5 , plasma-CVD equipment 1 mainly consists of a 
reaction chamber 2, the installation base 3, a shower plate 4, an RF (RF) power source 5, and gas 
installation tubing 6. In addition, the heaterXnot shown) is built in the installation base 3, and the 
substrate 7 laid on the installation base 3 can be heated to desired temperature. Moreover, the shower 
plate 4 serves as RF electrode, and is electrically connected with the RF power source 5. On the other 
hand, the reaction chamber 2 is grounded and the exhaust port 8 is formed in the flank. 
[0004] In forming a thin film using the above-mentioned plasma-CVD equipment 1, first, a substrate 7 
is laid on the installation base 3, and let the inside of a reaction chamber 2 be a vacuum. Next, m aterial 
gas is supplied to the sh ow er plate 4 from the gas installation tub ing 6. Many detailed holes are prepared 
in/the installation base~3 of tHe shower plate 4, and the field wRIch counters, and material gas is injected 
towards a substrate 7 from this hole. A t this time, by supplying RF power to the shower plate 4 from the 
RF power source 5, discharge is produced and the plasma is formed in a reaction chamber 2. The above- 
mentioned plasma decomposes the material gas injected from the shower plate 4, and generates active 
species. Therefore, active species is supplied to the front face of a substrate 7, consequently a thin film is 
formed on a substrate 7. 

[0005] By the way, in manufacture of an electron device, in order to raise productivity, it is required that 
a membrane formation rate should be raised. When forming silicon oxide by the above-mentioned 
approach, using the mixed gas of TEOS and oxygen as material gas, a membrane formation rate can be 
raised by increasing the flow rate of TEOS. However, when the flow rate of TEOS is raised, it is 
difficult to form the good silicon oxide of membraneous quality. That is, according to the above- 
mentioned approach, a membrane formation rate and membraneous quality have the relation of an 
antinomy. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the above-mentioned 
trouble, and it aims at offering the thin film formation approach which makes it possible to form the 
good thin film of membraneous quality at a high membrane formation rate by the plasma-CVD method. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this 
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invention makes a catalyst act on material gas, and carries out plasma treatment of the process which 
disassem bles some molecules [ at least J contained in material gas, and the material gas on which the 
above-me ntioned catalyst was made to act. The process which generates the active species of the 
"element which constitutes the above-mentioned molecule, and the above-mentioned active species are 
"s upplTeg"on the surface of a substrate, and the thin film formation approach of having the process which 
forms on a substrate the thin film which becomes substantial from at least one sort of the element which 
constit utes the above-mentioned molecule is offered. 

[0008] According to the thin film formation approach using the conventional plasma-CVD method, 
generation of the active species used for membrane formation was performed by performing only 
plasma treatment to material gas. According to the thin film formation approach of this invention, 
material gas is first processed according to a catalyst to it. That is, in advance of plasma treatment, some 
molecules [ at least ] contained in material gas are disassembled by the catalyst. 
[0009] Thus, according to the thin film formation approach of this invention, disassembly of the 
molecule contained in material gas is performed by not only plasma treatment but catalyst processing. 
Therefore, compared with the former, active species is generable at higher effectiveness . 
[0010] By the way, according to the thin film formation approach using the conventional plasma-CVD 
method, in order to raise a membrane formation rate, the flow rate of material gas must be raised. The 
membraneous quality of the thin film formed by the plasma-CVD method correlates with the flow rate 
of material gas as mentioned above. That is, when the flow rate of material gas is raised, deterioration of 
membraneous quality is produced. Therefore, according to the conventional approach, it is difficult to 
form a good thin film at a high membrane formation rate. 

[001 1] More active species can be supplied to a substrate front face, without raising the flow rate of 
material gas to it according to the approach of this invention. That is, a membrane formation rate can be 
raised, without raising the flow rate of material gas. Therefore, according to this invention, it becomes 
possible to form the thin film of good membraneous quality at a high membrane formation rate. 
[0012] In the thin film formation approach of this invention, the capacity which decomposes into the 
above-mentioned catalyst the whole quantity of the molecule contained in material gas is not required. 
As mentioned above, according to this invention, in advance of plasma treatment, catalyst processing is 
performed to material gas. That is, i n the above-mentioned catalyst processing, prelimina ry 
decomposition for promoting generation of the active species by plasma treatment i s performed to the 
molecule contained in material gas. T herefore, if the above-mentioned catalyst does not need to 
decompose the whole quantity of the molecule contained in material gas and a part is decomposed, it is 
enough. Although many amounts of the molecule disassembled are so desirable that there are, it 
compares, and even if the molecules disassembled were very few to the total amount of the molecule 
contained in material gas, the effectiveness mentioned above can be acquired. 
[0013] Moreover, the above-mentioned catalyst does not need to disassemble all the kinds of the 
molecule contained in material gas. When material gas contains two kinds of raw material molecules, 
the above-mentioned catalyst may not disassemble both sides and may decompose only another side, 
without decomposing one side. The effectiveness which was mentioned above in the case of which can 
be acquired. 

[0014] Furthermore, the above-mentioned catalyst processing may generate the intermediate field of the 
molecule contained in material gas, and the active species generated by plasma treatment. In this case, 
decomposition by plasma treatment can be produced easily. Therefore, the effectiveness which it was 
ineffective to it being possible to generate more active species, consequently was mentioned above can 
be acquired. 

[0015] In the above-mentioned thin film formation approach, the active metal heated, for example can 
be used as a catalyst. It is desirable to use the ingredient chosen from the group which consists of a 
tungsten, nickel, and an alloy containing at least those one side as this active metal. When these 
ingredients are used, the molecule contained in material gas can be disassembled efficiently. Moreover, 
although whenever [ stoving temperature / of a catalyst ] differ according to the class of material gas to 
be used etc., it is desirable that it is about 200-600 degrees C. In this case, the molecule contained in 
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materia] gas can be disassembled at higher effectiveness. 

[0016] In the above-mentioned thin film formation approach, the gas which contains a silicon 
compound, for example can be used as material gas. In this case, the thin film which becomes 
substantial can be formed from a silicon oxide by making oxygen contain further into material gas. 
Moreover, a silicon alkoxide like TEOS and silanes can be used as the above-mentioned silicon 
compound. 

[0017] In the thin film formation approach mentioned above, it is desirable to defecate the front face of a 
catalyst after the process which forms a thin film. When decomposition by the catalyst of the molecule 
contained in material gas is continued, there is a possibility that the decomposition capacity of a catalyst 
may decline gradually and a membrane formation rate may fall. 

[0018] It is thought that the fall of the decomposition capacity of this catalyst is because a deterioration 
layer is formed on the surface of a catalyst. What is necessary is just to supply the chemical which 
contains either [ at least ] a fluorine or chlorine like 3 nitrogen fluoride on the surface of a catalyst with 
the gestalt of gas, when such a deterioration layer is formed. The above-mentioned chemical supplied to 
the catalyst front face produces a reaction between the deterioration layers formed in the catalyst front 
face. Consequently, a deterioration layer disappears from a catalyst front face, and the decomposition 
capacity of a catalyst is recovered. That is, the fall of a membrane formation rate can be prevented by 
performing the above-mentioned defecation. 

[0019] The chemical used for the above-mentioned defecation is applicable also to defecation of the 
wall of a reaction chamber. That is, the process which forms a thin film is finished first and a substrate is 
taken out outside a reaction chamber after that. Next, the process which defecates the front face of the 
above-mentioned catalyst is performed. Furthermore, plasma treatment of the chemical containing either 
[ at least ] the fluorine used for defecation of the front face of a catalyst or chlorine is carried out, and 
one [ at least ] active species of a fluorine and chlorine is generated. Then, one [ at least ] active species 
of the above-mentioned fluorine and chlorine is supplied to the wall of a reaction chamber. 
[0020] The above-mentioned active species supplied to the wall of a reaction chamber produces a 
reaction with the deposit layer formed in the wall front face in the process which forms a thin film. Since 
the compound generated by this reaction has high volatility, it is immediately removed from a wall front 
face. That is, a deposit layer is etched. It defecates by removing a deposit layer from the wall of a 
reaction chamber as mentioned above. 

[0021] By defecating the wall of the reaction chamber mentioned above, mixing of the particle to the 
inside of a thin film etc. can be prevented. Moreover, as mentioned above, the chemical containing 
either [ at least ] the fluorine used for defecation of a catalyst or chlorine can be used for defecation of 
the wall of the above-mentioned reaction chamber. Therefore, it is possible to carry out defecation of a 
catalyst and defecation of the wall of a reaction chamber to coincidence, and increase of the time amount 
spent on defecation is not produced. Furthermore, since the same chemical can be used for defecation 
processing of both sides, it can defecate at comparatively low cost. 

[0022] Moreover, the membrane formation and defecation which were mentioned above can be 
performed, without destroying the vacua in a reaction chamber. Therefore, according to the above- 
mentioned approach, it can reach by turns and membrane formation and defecation can be performed 
continuously. Moreover, the fall of a membrane formation rate can be prevented by performing 
membrane formation and defecation by turns. Therefore, according to the above-mentioned approach, it 
is a high membrane formation rate about a good thin film, and it becomes possible to be able to form 
and to realize high productivity, without producing the fall of a membrane formation rate. 
[0023] 

[Example] Hereafter, it explains, referring to a drawing about the example of this invention. 
(Example 1) The thin film deposition system used for drawing 1 in the thin film formation approach 
concerning the example 1 of this invention is shown roughly. In drawing 1 , plasma-CVD equipment 1 
mainly consists of a reaction chamber 2, the installation base 3, a shower plate 4, an RF (RF) power 
source 5, and gas installation tubing 6. 

[0024] The gas installation tubing 6 is connected to the shower plate 4, and many detailed holes are 
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prepared in the installation base 3 of the shower plate 4, and the field which counters. Moreover, the 
wire 9 which consists of an active metal connected with the power source (not shown) is held in the 
interior of the shower plate 4. A wire 9 may be heated by predetermined temperature by supplying 
power from a power source. After the material gas supplied from the gas installation tubing 6 contacts 
the heated wire 9, it is injected towards a substrate 7 from the above-mentioned hole. 
[0025] The above-mentioned shower plate 4 is electrically connected with the RF power source 5, and 
the reaction chamber 2 is grounded. That is, the above-mentioned shower plate 4 serves as RF electrode. 
Moreover, the exhaust port 8 is formed in the flank of a reaction chamber 2, and the gas in a reaction 
chamber 2 is discharged. The heater (not shown) is built in the installation base 3, and the substrate 7 
laid on the installation base 3 can be heated to desired temperature. 

[0026] Silicon oxide was formed by the approach shown below using the above-mentioned thin film 
deposition system 1. In addition, in this example, a thin film deposition system 1 can carry in and take 
out a substrate 7 in a reaction chamber 2, with a vacua maintained. 

[0027] First, by exhausting the gas in a reaction chamber from an exhaust port 8, the inside of a reaction 
chamber 2 was made into the vacuum, and the substrate 7 was laid on the installation base 3. Next, the 
substrate 7 was heated at 350 degrees C using the heater built in the installation base 3. Moreover, the 
wire 9 was heated at 300 degrees C by supplying predetermined power from the power source which is 
not illustrated on the wire 9 which consists of nickel. In this condition, they are 0.3 W/cm2 to the 
shower plate 4. The mixed gas of TEOS and oxygen was introduced from the gas installation tubing 6, 
supplying RF power. In addition, the flow rate of oxygen was set to 5000cm3 / min. Moreover, the 
pressure in a reaction chamber 2 was set to 160Pa. 

[0028] Under the above-mentioned conditions, silicon oxide was formed on the substrate 7 by 
continuing supplying the mixed gas of TEOS and oxygen to the shower plate 4. It is shown in a graph at 
drawing 2 by carrying out relation between the flow rate of TEOS, and a membrane formation rate. 
[0029] Except not using a catalyst, the data which the data shown in drawing 2 (a) are obtained when 
silicon oxide is formed using the approach mentioned above, and are shown in drawing 2 (b) are 
obtained, when silicon oxide is formed by the approach same with having mentioned above. That is, the 
data obtained when silicon oxide was formed by the approach of this example are shown in drawing 2 
(b), and the data obtained when silicon oxide was formed by the conventional approach are shown in it 
at drawing 2 (b). Moreover, they are collectively shown to drawing 2 (a) and (b) by the data of the wet 
etching rate by 1% of HF (fluoric acid) of the formed silicon oxide besides the data about the membrane 
formation rate of silicon oxide. In addition, the axis of abscissa shows the TEOS flow rate and HF flow 
rate among drawing, and the axis of ordinate shows the membrane formation rate and the etch rate. 
[0030] Generally wet etching is used for evaluation of the membraneous quality of silicon oxide. 
According to this evaluation approach, the membraneous quality of silicon oxide is so good that an etch 
rate is low, and when high, it is judged that membraneous quality is low. 

[003 1] When a TEOS flow rate is set for example, to 70cm3/min so that clearly from drawing 2 (a) and 
(b), even if it uses which approach of an example 1 and the conventional approach, etch rates are 
1000 A / min. That is, the silicon oxide formed by each approach has equivalent membraneous quality. 
According to the approach of an example 1^ it is improving to it that a membrane formation rate's they 
are 600A / min according to the conventional approach even to 800A / min. According to the approach 
of an example 1, the above result shows that it is possible to form the good silicon oxide of 
membraneous quality at a high membrane formation rate. 

[0032] Next, it defecated by the approach shown below. That is, the substrate 7 was taken out from the 
reaction chamber 2, maintaining the vacua in a reaction chamber 2, after forming silicon oxide first 
using a catalyst, as mentioned above. Then, 3 nitrogen-fluoride (NF3) gas was supplied to the shower 
plate 4 from the gas installation tubing 6, and the front face of a wire 9 was defecated. Moreover, at this 
time, by supplying RF power to the shower plate 4 from the RF power source 5, the fluorine radical was 
generated and the wall of a reaction chamber 2 was defecated. 

[0033] It carried out by having repeated the membrane formation and defecation which were mentioned 
above, and the relation between the count of membrane formation and a membrane formation rate was 
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investigated. The result is shown in drawing 3 . Drawing 3 is a graph which shows the relation of the 
count of membrane formation and membrane formation rate which are obtained when the thin film 
formation approach concerning the example 1 of this invention is used. An axis of abscissa shows the 
count of membrane formation among drawing, and the axis of ordinate shows the membrane formation 
rate. In addition, the data obtained when membrane formation and defecation were repeated to drawing 
3 and performed to it, and the data obtained when only membrane formation was repeated and was 
performed are shown. 

[0034] When only membrane formation is repeated and is performed so that clearly from drawing 3 , a 
membrane formation rate falls with the increment in the count of membrane formation. When membrane 
formation and defecation are repeated and are performed to it, even if the count of membrane formation 
increases, most falls of a membrane formation rate are not produced. That is, the fall of the 
decomposition capacity of a catalyst was prevented by performing defecation processing. 
[0035] (Example 2) The thin film deposition system used for drawing 4 in the thin film formation 
approach concerning the example 2 of this invention is shown roughly. In addition, the same reference 
number is given to the member which is common with the thin film deposition system 1 shown in 
drawing 4 , and the thin film deposition system 1 shown in drawing 1 , and the explanation is omitted. 
[0036] In the thin film deposition system 1 shown in drawing 4 , the shower plate 4 consists of NiCr 
alloys. In order that the outside front face of the shower plate 4 may prevent generating of particle, 
coating which consists of an alumina is performed. Moreover, coating was not performed to the inside 
front face of the shower plate 4, but the NiCr alloy is exposed. 

[0037] The shower plate 4 is arranged from the installation base 3 in the location of 20mm. Thus, the 
shower plate 4 and the installation base 3 approach, and are arranged in this example, because the NiCr 
alloy exposed to the shower plate wall is used as a catalyst and a substrate 7, the radiant heat from the 
installation base 3, etc. are used for the heating. 

[0038] Silicon oxide was formed by the approach same with having been shown in the example 1 except 
having heated the catalyst (shower plate 4) by making into 400 degrees C temperature of the heater built 
in the installation base 3 using the thin film deposition system 1 shown in drawing 4 . Consequently, the 
effectiveness almost same with having been shown in the example 1 was able to be acquired. 
[0039] 

[Effect of the Invention] As shown above, in this invention, a plasma-CVD method is used and catalyst 
processing is performed to material gas in advance of plasma treatment. Therefore, the generation 
effectiveness of active species can be raised, without increasing the flow rate of material gas. Therefore, 
according to this invention, the thin film formation approach which can form the good thin film of 
membraneous quality at a high membrane formation rate is offered. 



[Translation done.] 
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